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Description 

[METHOD FOR DETECTION OF 
PHOTOLITHOGRAPHIC DEFOCUS] 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The field of the invention is semiconductor processing. 

More specifically, the invention relates to determining the 
location of a defect source which results in a localized el- 
evation on the surface topography of a semiconductor 
substrate. 

[0003] BACKGROUND OF THE INVENTION 

[0004] As the physical dimensions of semiconductor devices con- 
tinue to decrease, the topography of the semiconductor 
substrate upon which the integrated circuit devices are 
formed becomes an important factor. A semiconductor 
processing step such as, for example, photolithography is 
used to pattern images in a photoresist on the surface of 
the substrate. The quality of the images formed on the 



surface of the substrate by photolithography is related to 
the topography of the substrate since the topography of 
the substrate can affect the focus of the photolithographic 
tool. Localized areas of relatively high elevation can result 
in defocusing of the patterned images in those areas, 
commonly referred to as "hotspots". Hotspots are typically 
caused by a defect source such as, for example, foreign 
particulate matter trapped between the substrate and the 
photolithography aligner chuck upon which the substrate 
is placed. The foreign particulate matter causes the sub- 
strate to bend or deflect resulting in an elevation of a por- 
tion of the surface of the substrate above the foreign ma- 
terial. When the elevation deviation is large enough, the 
imaging surface will be out of focus relative to surround- 
ing images, and imaging failure occurs resulting, typically, 
in a semiconductor device that will not function. 
[0005] | n order to detect hotspots so that corrective actions can 
be taken to prevent or minimize product yield loss, 
printed substrates are either visually scanned by a person 
with the naked eye, or are inspected by automated equip- 
ment. Visual scanning by the naked eye often only detects 
hotspots on those photolithographic patterns which are 
clearly repetitive such as high density patterns (e.g. 



nested lines/spaces). It is very difficult to detect hotspots 
on lithographic patterns with non-repetitive or isolated 
patterns (e.g. contact levels). In addition, visual scanning 
increases the risk of handling damage and defects on the 
substrate due to human contact. Automated scanning may 
detect imaging failure, but is not able to detect the root 
cause of the failure. For example, automated scanning 
may reveal that image quality is poor in a circular region 
on a given substrate but it does not indicate that this poor 
image quality is a result of a local defocus failure. Further, 
automated scanning requires expensive defect detection 
and analysis equipment. 

[0006] Even when a hotspot is detected, visual or automated 

scanning techniques cannot determine whether the for- 
eign particulate matter which caused the hotspot resides 
on the photolithography aligner chuck or on the substrate 
itself. Therefore, unnecessary maintenance activity may be 
performed on the chuck when the particulate matter is ac- 
tually on the incoming substrates. 

[0007] Determining whether the defect source which causes a 

hotspot is related to the substrate or the photolithography 
aligner chuck is desired. 
Summary of Invention 



[0008] ^ is thus an object of the present invention to determine 
whether a defect source which causes a hotspot is related 
to the substrate or the photolithography aligner chuck. 

[0009] | n a fj rs t aspect, the present invention is a method for lo- 
cating a source of a localized elevation on a substrate, 
comprising the steps of: 

[0010] ( a ) measuring a first surface of a plurality of substrates 
placed separately on a chuck to obtain topography mea- 
surements; 

[001 1] (b) detecting the presence of a localized elevation in a 
field on the first surface of the substrates; and 

[0012] ( c ) determining whether the source results from the 
chuck. 

[0013] | n a second aspect, the present invention is a computer- 
readable program product for causing a computer to de- 
tect and characterize a defect on a surface of a first wafer, 
comprising: 

[0014] a fj r st program code means embodied in a computer use- 
able medium for causing the computer to carry out a first 
set of measurements on a given surface of said first wafer 
placed on a chuck prior to carrying out an operation on 
said given surface; 

[0015] a second program code means embodied in a computer 



useable medium for causing the computer to carry out a 
second set of measurements on said given surface of said 
first wafer while carrying out said operation on said given 
surface; 

[0016] a third program code means embodied in a computer 

useable medium for causing the computer to determine a 
difference between said first set of measurements and 
said second set of measurements; 

[0017] a fourth program code means embodied in a computer 
useable medium for causing the computer to carry out 
said first set of measurements, said second set of mea- 
surements and said difference measurement on a second 
wafer placed on the chuck; 

[0018] a fjfth program code means embodied in a computer use- 
able medium for causing the computer to carry out said 
first set of measurements, said second set of measure- 
ments and said difference measurement on a third wafer 
placed on the chuck; and 

[0019] a S j x th program code means embodied in a computer 
useable medium for causing the computer to compare 
said measurements from said first wafer, said second 
wafer, and said third wafer to determine whether a defect 
results from said chuck. 



[0020] | n a third aspect, the present invention is a program stor- 
age device readable by a machine, tangibly embodying a 
program of instructions executable by a machine to per- 
form a method of locating a source of a localized eleva- 
tion on a substrate, comprising the steps of:(a) measuring 
a first surface of a plurality of substrates placed separately 
on a chuck to obtain topography measurements; (b) de- 
tecting the presence of a localized elevation in a field on 
the first surface of the substrates; and(c) determining 
whether the source results from the chuck. 
Brief Description of Drawings 

[0021] The foregoing and other features of the invention will be- 
come more apparent upon review of the detailed descrip- 
tion of the invention as rendered below. In the description 
to follow, reference will be made to the several figures of 
the accompanying Drawing, in which: 

[0022] FIG. 1 shows the formation of a localized elevation on an 
upper surface of a substrate. 

[0023] FIG. 2 is a 2-dimensional representation showing the lo- 
cation of the localized elevation with respect to the expo- 
sure fields on the upper surface of the substrate. 

[0024] FIG. 3 and 4 are scatter plots of z and pitch data, respec- 
tively, for a group of substrates having localized eleva- 



tions caused by foreign particulate matter on the chuck. 
[0025] FIGS. 5A-C are best linear regression fit lines for data 

shown in FIGS. 3 and 4 according to the present invention. 
Detailed Description 

[0026] The present invention describes a method of analyzing 

focus parameters generated by a process tool such as, for 
example, a photolithography tool, to determine whether a 
defect source which results in a localized elevation on the 
surface of a substrate resides on the photolithography 
aligner chuck or on the substrate. As shown in FIG. 1, 
substrate 2 has an upper surface 4 upon which a pattern 
is formed in photoresist layer 5, as described in more de- 
tail below, and a lower surface 6 which is adjacent upper 
surface 8 of chuck 10. Defect source 12 (in this case, a 
foreign particulate) is located between lower surface 6 of 
substrate 2 and upper surface 8 of chuck 10 and creates 
localized elevation 14 on upper surface 4 of substrate 2. 
As will be described below, during a photolithographic 
process, localized elevation 14 results in what is com- 
monly referred to as a "hotspot". 

[0027] During processing of substrate 2, a photolithography tool 
such as, for example, a Nikon 203B available from Nikon 
Corporation, generates focus parameter data which are 



related to the topography of upper surface 4 of substrate 
2 in order to properly pattern an image in resist layer 5 on 
surface 4. It should be noted that the present invention is 
not limited to photolithography tools but is applicable to 
any tool which generates surface topography data such as 
thin film measurement tools. Also, it should be noted that 
substrate 2 can include semiconductor wafers, such as 
bulk silicon or SiGe wafers, and SOI (Silicon-On-lnsulator) 
wafers. Further, the use of photolithographic processes is 
not restricted to semiconductor wafers, but should be un- 
derstood to include applications such as manufacture of 
flat screen displays, hard disk drive heads and printed cir- 
cuit boards. In addition, it should be understood that ap- 
plications encompassed by photolithography include visi- 
ble wavelength, a multiplicity of mid-UV (g-line through 
i-line) wavelengths, DUV (248nm), 193nm, EUV, X-ray, 
and electron-beam or ion-beam lithography, in addition 
to others which are not specifically listed here. 
[0028] | n one embodiment of the present invention, analyzing 
the focus parameter data provides insight into defect 
source 12 which causes the imaging failure, permitting 
the original source of the defect to be eliminated. In an- 
other embodiment, analyzing the focus parameter data 



can differentiate between defect source 12 residing on the 
chuck 10 or incoming wafers 2 themselves, permitting a 
proper response to the problem. 
[0029] Focus parameter data that is generated by the Nikon 203B 
photolithography tool includes maximum and minimum of 
the height ("z") of a localized elevation; angle of the focus 
plane in the direction of the scan ("pitch"); and angle of 
the focus plane perpendicular to the direction of the scan 
("roll"). See FIG. 1. For the Nikon 203B tool, during an im- 
aged field scan (where the "field" is an area along the x,y 
planes of the wafer on which the image for one or more 
chips is printed), only a portion of the entire field is ex- 
posed through an exposure slit. The typical length of the 
field in the scan direction is about 20 to about 25 mm and 
the width of the portion of the field that is exposed is 
about 8 mm. The Nikon 203B scans continuously across 
the length of the field until the entire field has been ex- 
posed. At a scanning speed of about 175 mm/second 
(measured at the wafer surface) for the Nikon 203B, the 
entire field can be exposed in less than 0.5 seconds. When 
hotspot 14 is encountered during the imaged field scan, 
the auto-focus system of the photolithography tool uti- 
lizes measured z, pitch and roll to match the best focus 



position/angle of the topography of the portion of the im- 
aged field that is being exposed to the image plane of the 
lens system. As a practical matter, the focus orientation/po- 
sition of the portion of the imaged field that is being ex- 
posed is adjusted during the scan in order to image a pat- 
tern in the portion of the field. In other words, the wafer is 
moved up and down, tilted forward and /or backward, 
and/or tilted side to side to maintain focus. The present 
invention analyzes the best focus parameter data to de- 
termine the occurrence of hotspot 14. The analysis of the 
best focus parameter data can occur in real time, i.e. while 
wafer 2 is being imaged, or the focus parameter data can 
be stored and the analysis can occur after wafer 2 has 
been imaged. 

[0030] During the exposure scan of a field on upper surface 4 of 
wafer 2, pre-sensors on the photolithographic tool mea- 
sure z, pitch and roll of the topography of the portion of 
the field on the wafer 2 that is ahead of the portion of the 
field that is being exposed through the exposure slit. The 
z, pitch and roll measurements from the pre-sensors are 
utilized by the auto-focus system to move the chuck 10 
(which also moves wafer 2) in order to maintain the por- 
tion of the imaged field in the image plane during the 



subsequent exposure step. As the photolithographic tool 
scans across upper surface 4 to expose the portion of the 
imaged field, exposure sensors measure the topography 
of the portion of the field during exposure to provide 
post-measurement values for z, pitch and roll. For the 
case where the topography of the imaged field is relatively 
flat (i.e. no hotspot), the pre- and post-measurement val- 
ues for corresponding z, pitch and roll will be identical or 
nearly identical. For the case where hotspot 14 exists in 
the imaged field, the pre- and post-measurement values 
for corresponding z, pitch and roll will not be identical re- 
sulting in deltas between the pre- and post- 
measurements. This can be caused by the chuck 10 being 
physically limited in its movement such that it cannot pro- 
vide the portion of the imaged field in the image plane 
due to the size and shape of hotspot 14. Also, the scan 
speed of the photolithographic tool limits the response 
time of the chuck 10 to move the portion of the imaged 
field into the image plane. Thus, deltas in the pre- and 
post-measurements of z, pitch and roll occur when 
hotspot 14 is present in an imaged field. 
[0031] The maximum and minimum values of the moving aver- 
age of the deltas of z, pitch and roll through the field are 



reported by the photolithographic tool along with the field 
coordinates at the end of the exposure. The auto-fo- 
cusing system of the photolithography tool will not be 
able to compensate for large changes in topography on 
upper surface 4 (i.e. z on the order of about tenths of mi- 
crometers or more) over a short distance (i.e. less than 
about 1 mm) resulting in poorly patterned images in this 
part of the field. As discussed above, the typical length of 
the field in the scan direction is about 20 to about 25 mm 
and the speed of the scan in the scan direction is about 
175 mm/second for a Nikon 203B tool resulting in less 
than 0.5 seconds to scan the field. The relatively high 
scan speed of the photolithographic tool in order to 
achieve higher wafer throughput results in a decrease in 
the ability of the auto-focusing system to react quickly 
enough to large changes in topography on upper surface 
4. The delta values will yield information on the existence, 
size and location of hotspot 14. Further analysis of the 
delta data can also give information on the character of 
hotspot 14 so that appropriate corrective action can be 
taken to eliminate defect source 12 of hotspot 14. 
[0032] As set forth below, pursuant to the invention, analysis of 
the data can determine whether the source of the topog- 



raphy discontinuity is a particulate (e.g. particulate 12 
shown in FIG. 1), versus a scratch on the lower surface 6 
of wafer 2. Moreover, as discussed in more detail below, 
the invention indicates whether the particulate 12 is at- 
tached to the wafer 2 or the chuck 10. One would want to 
know as soon as possible if defect source 12 is attached 
to the chuck 10 so that surface 8 can be cleaned and sub- 
sequent wafers protected from the occurrence of a similar 
hotspot. If defect source 12 is attached to the wafer ver- 
sus attached to the chuck, cleaning of the chuck 10 would 
be ineffective since defect source 12 is not on chuck 10, 
resulting in unnecessarily removal of the photolitho- 
graphic tool from production for cleaning. Knowing that 
defect source 12 is related to lower surface 6 of wafer 2 
would lead to an investigation to determine the root cause 
of the problem, such as foreign particulate matter (as 
shown) or some other damage to lower surface 6 (i.e. a 
scratch). Knowing whether the location of defect source 
12 is systematic or random is essential for such an inves- 
tigation. 

[0033] Analysis of the focus parameter data according to the 

present invention will provide information to distinguish 
between defects on the wafer versus the chuck, and, if it 



is determined that defect source 12 is related to lower 
surface 6 of wafer 2, whether defect source 12 is occur- 
ring systematically or randomly. 

[0034] FIG 2. shows a 2-dimensional representation of a portion 
of wafer 2 where hotspot 14 is located. Hotspot 14 en- 
compasses several adjacent fields 402, 403, 502 and 503 
(i.e. field 402 represents a field located at column 4 and 
row 2 of a given wafer). It should be noted that hotspot 14 
has a peak height occurring within fields 402 and 502 
while the hotspot 14 diminishes in size in fields 403 and 
503. Also, although hotspot 14 is shown in FIG. 2 as af- 
fecting four fields, the present invention can be used to 
analyze a hotspot which affects any number of fields such 
as one, two, three, four or more fields. 

[0035] For the hotspot 14 located as shown in FIG. 2 and caused 
by foreign particulate matter 12 on chuck 10, a scatter 
plot of the maximum z delta (Z) and maximum pitch delta 
(pitch) for a group of wafers (i.e. a multi-wafer lot) having 
hotspots 14 is shown in FIG. 3. Each data point represents 
a specific field corresponding to a specific wafer in this 
multi-wafer lot. Hotspots 14 are represented on this plot 
by the data points which form lines 22a, 22b, 22c and 
22d corresponding to fields 402, 502, 403 and 503, re- 



spectively. For a given wafer, since a substantial portion of 
hotspot 14 is located within fields 402 and 502, the z and 
pitch for both of these fields have relatively high values as 
represented by lines 22a and 22b. Fields 403 and 503 are 
affected by a relatively smaller portion of hotspot 14 re- 
sulting in low z values and high pitch values as repre- 
sented by lines 22c and 22d. In other words, the height of 
hotspot 14 in fields 403 and 503 is relatively low, how- 
ever, there is enough of a change in topography to affect 
the delta value for pitch (and roll). The cluster of data 
points near the origin (0, 0) indicate that no hotspots are 
present in these fields. 

[0036] |_j nes 22a-d occur when hotspots 14 are caused by for- 
eign particulate matter 12 attached to surface 8 of chuck 
10. Foreign particulate matter 12 attached to surface 8 of 
chuck 10 will cause a localized elevation, i.e. a bump, on 
upper surface 4 of wafer 2, and hence hotspot 14, in the 
same field location on several wafers. An assumption is 
made that while the topography for each wafer in a given 
wafer lot is the same, the overall height (maximum z 
delta) of the bump may be different on each wafer. The 
height of the bump can be expressed as follows: 

[0037] Equation l:Z(j,x,y) = a(j)*b(x,y) 



[0038] where Z(j,x,y) is the height (maximum z delta) of the 

bump of the jth wafer at location (x,y). The shape of the 
bump is described by the function b(x,y) (having a maxi- 
mum height of 1) and the maximum height of the bump 
on wafer j is described by the function a(j). 

[0039] The pitch and roll as functions of position and wafer num- 
ber are then expressed as: 

[0040] Equation 2:pitch(j,x,y) = aG)*[db(x,y)/dy] 

[0041] Equation 3:rollG,x,y) = a(j)*[db(x,y)/dx] 

[0042] For the case when the maximum z delta in a field occurs 
at (xo,yo), the maximum pitch delta occurs at (xl,yl) and 
the maximum roll delta occurs at (x2,y2) (note that these 
3 positions in general will not be the same), and that val- 
ues received for z, pitch and roll are the maximum delta 
values for z, pitch and roll encountered in the field, then 
three independent ratios of the maximum z, pitch and roll 
deltas can be obtained as follows: 

[0043] For the case when the maximum z delta in a field occurs 
at (xo,yo), the maximum pitch delta occurs at (xl,yl) and 
the maximum roll delta occurs at (x2,y2) (note that these 
3 positions in general will not be the same), and that val- 
ues received for z, pitch and roll are the maximum delta 



values for z, pitch and roll encountered in the field, then 
three independent ratios of the maximum z, pitch and roll 
deltas can be obtained as follows: 

[0044] Equation 4:pz(j):= pitchmax(j)/zmax(j) = 
[db(xl,vl)/dv]/b(xo,vo) 

[0045] Equation 5:rz(j) := rollmax(j)/zmaxG) = 
[db(x2,v2)/dx]/b(xo,vo) 

[0046] Equation 6:rp(j) := pitchmax(j)/rollmax(j) = 
[db(x2 >y 2)/dx]/[db(xl jy l)/dy] 

[0047] Each of the Equations 4-6 are independent of a(j) and as 
such are independent of the wafer. Equations 4-6 depend 
onlv on the function b(x,v), which describes the shape of 
the hotspot in the field. This explains the linear relation- 
ships (i.e. lines 22a-d) found in FIG. 3. Lines 22a-d will 
have different slopes due to the location of the hotspot 14 
in the respective fields 402, 403, 502 and 503 (as shown 
in FIG. 2). Likewise, the positions in the respective fields 
where z, pitch and roll are maximum are also different 
due to the location of the hotspot 14. 

[0048] FIG. 4 is a scatter plot of the same data as shown in FIG. 3 
except that the wafer process order (i.e. "wafer order") is 
indicated on each of the affected fields. It is shown in FIG. 
4 that the data for wafers 1 through 11 is clustered in re- 



gion 24 indicating the lack of a hotspot on any of wafers 1 
through 11 while a hotspot started on wafer 12 (i.e. dia- 
mond shapes) and continued until the last wafer 22 (i.e. 
circle shapes). As was described with reference to FIGS. 2 
and 3, the hotspot 14 affected fields 402, 403, 502 and 
503 on each of wafers 12 through 22. Referring to lines 
22a and 22b, it can be seen that the overall affect of the 
hotspot 14 diminished from wafer 12 to wafer 22, that is, 
both z and pitch are decreasing in value for each succes- 
sive wafer (so a(j) is a decreasing function of j) and the 
foreign particulate matter was still present after the pro- 
cessing of the last wafer 22 was completed. Based on this 
information, if the chuck is not cleaned, wafers from a 
subsequent wafer lot with the same field layout to be pro- 
cessed would have a hotspot affecting the same fields (i.e. 
fields 402, 403, 502, 503) on the subsequent wafers since 
the foreign particulate matter would still be present in the 
same location on the chuck. It should be noted that 
wafers from a subsequent wafer lot that has a different 
field layout would have a hotspot in the same physical lo- 
cation on the subsequent wafers, however different fields 
(i.e. different field coordinates) would be affected. 
[0049] one further relationship can be deduced from this physi- 



cal model. For example, the delta z, pitch and roll values 
corresponding to the data points which form line 22b 
(field 502) can be plotted two variables at a time (i.e. roll 
vs z, roll vs pitch, and pitch vs z) as shown in the scatter 
plots in FIGS. 5A-C. FIGS. 5A-C show that a scatter plot of 
any two of the z, pitch and roll variables will yield a linear 
relationship for the field having a hotspot and are actually 
lines in 3-dimensional z, pitch and roll space. Linear re- 
gression of the data values results in slopes of the three 
fitted lines that are related in the following manner: 
[0050] Equation 7:pz*rp = rz, 

[0051] where pz represents the slope of the "pitch vs z" fitted 

line (FIG. 5C),rp represents the slope of the "roll vs pitch" 
fitted line (FIG. 5B), andrz represents the slope of the "roll 
vs z" fitted line (FIG. 5A). 

[0052] Equation 7 is derived from Equations 1-6 given above. 
The pitch-z (FIG. 5C) and roll-pitch (FIG. 5B) best linear 
regression fit lines yield slopes pz = 725.1 and rp = 
0.170, respectively. The product of pz*rp is 123.2, which 
is very close to the best fit value of 122.9 found on the z- 
roll plot (FIG. 5A). It should be noted that this relationship 
is a statistical one and the relationship should hold within 
fit errors. The slope of each fit obeys a "t distribution"with 



n-2 degrees of freedom (n = number of wafers in the fit) 
as described in "Probability and Statistics for Engineers" 
by I. Miller and J. Freund, Prentice-Hall Inc. (1965), Theo- 
rem 12.1, p. 233, herein incorporated entirely by refer- 
ence. Therefore, one can compute confidence limits and 
perform error propagation to test this formula. A further 
test is that each line should go through the origin, which 
can also be checked statistically in the same way. 

[0053] The position of the hotspot in the field can also be deter- 
mined from the slopes of the roll vs z (FIG. 5A) and the 
pitch vs z (FIG. 5C) scatter plots. A hotspot having a peak 
height in a field will have slopes for roll vs z and pitch vs z 
near a value of 0. Assuming that the peak of the hotspot 
has a flat portion, the pitch and roll angles decrease to 
about 0 as the peak is encountered resulting in the slopes 
for roll vs z and pitch vs z near 0. 

[0054] During the photolithographic processing of semiconduc- 
tor wafers, the present invention can be used to detect 
hotspots and determine the location of the source of the 
hotspots as follows. For the data values plotted in FIG. 3, 
user defined limits can be assigned to z and pitch such as, 
for example, z = 0.15 urn and pitch = 80 microradians. 
Wafers are first identified for having hotspots by compar- 



ing the z, pitch and roll values of the wafers to the user 
defined limits. Delta values of z, pitch or roll which ex- 
ceed the user defined limits (i.e. z greater than 0.15 urn, 
or pitch greater than 80 microradians) indicate the pres- 
ence of a hotspot. Referring to FIG. 3, the data values 
which form lines 22a-d, respectively, exceed the above 
described user defined limits for z and pitch (lines 22a, 
22b) or for pitch only (lines 22c, d). Therefore, wafers 12 
through 22 from which the data values for lines 22a-d is 
obtained, would each be identified as having a hotspot af- 
fecting fields 402, 403, 502 and 503 on each wafer. 
[0055] when at least three wafers have been processed and at 
least three wafers are identified as having a hotspot, the 
analysis that was described with reference to FIGS. 5A-C 
is started by performing a linear fit for each field on all 
combinations of z, pitch and roll taken two at a time. 
From the linear fit lines for roll vs z, roll vs pitch, and 
pitch vs z , R 2 (see "Statistics", 3 rd edition, by J. McClare 
and F. Dietrich, Dellen Publishing Co. (1985), Definition 
12.3, p. 609, herein incorporated entirely by reference) is 

2 

extracted and any field having R above a pre-assigned 
value such as, for example, 0.95, will most likely be 
caused by foreign particulate matter attached to the 



chuck. The reason one uses all three combinations of z, 
pitch and roll taken two at a time is that depending on 
how the hotspot is situated in the field, one of the three 
scatter plots will typically have less "noise" regarding lin- 
earity than the other two scatter plots. At least three 
wafers with hotspots are required to perform this calcula- 
tion since linear fits are being computed, and the more 
wafers that are included in the linear regression calcula- 
tion, the more certain that the linear fit is flagging a true 
chuck-related hotspot. This runs counter to the desire to 
catch the hotspot as soon as possible to avoid reworking 
of wafers. The number of wafers needed to gain confi- 
dence that the linear fit is flagging a true chuck-related 
hotspot can be minimized by performing statistical analy- 
sis on the computed slopes for all the fields identified as 
having a hotspot to see how well the pz*rp=rz relation 
holds. These calculations are relatively quick and can be 
implemented in real time if the photolithography tool can 
deliver the data in real time. 
[0056] if the relationship between the slopes pz, rp and rz do not 

2 

hold at some pre-assigned confidence level (i.e. R less 
than 0.95), one can conclude that the hotspot is not 
chuck-related. In this case, the data will still give informa- 



tion regarding the source of the hotspot such as, for ex- 
ample, wafer backside damage (i.e. scratches) due to han- 
dling problems or random wafer backside foreign particu- 
late matter. Wafer backside damage on multiple wafers 
can result in repeating hotspots in the same location from 
wafer to wafer, but without the reduction in amplitude 
that is seen with chuck-related hotspots caused by partic- 
ulate matter attached to the upper surface of the chuck. 
Wafer backside foreign particulate matter that occurs at 
random locations from wafer to wafer will cause hotspots 
that are not repeating in the same location from one wafer 
to the next. 

[0057] The present invention provides useful information which 
can be used during the processing of semiconductor sub- 
strates or wafers. For example, when analysis of focus pa- 
rameter data determines that a wafer has a hotspot, the 
wafer can be diverted to a holding box for rework and re- 
imaging rather than potentially forming a poor pattern on 
the hotspot resulting in a defective device. Likewise, the 
present invention provides information to identify which 
wafer or lot started a hotspot event. When data is ana- 
lyzed in real time, an alarm can be issued to a tool opera- 
tor when a hotspot is detected and, optionally, product 



flow within or into the tool can be prevented until correc- 
tive action is taken to eliminate the hotspot. When the 
source of the hotspot is determined to be related to the 
chuck, the present invention can provide the X/Y coordi- 
nates of the hotspot so that corrective maintenance on the 
chuck can be directed to the corresponding location on 
the chuck. In addition, the X/Y coordinates can be cross- 
coupled with a step array map to determine which chips 
are affected by the hotspot on a wafer and further corre- 
late the affected chips (i.e. location of the hotspot) to a 
known yield distribution by wafer region. Limits can be set 
for the maximum number of hotspots that are detected so 
that appropriate corrective actions are taken. Corrective 
action to eliminate the source of the hotspot can more 
appropriately be directed to the chuck (i.e. stop produc- 
tion, clean chuck to remove particulate matter, resume 
production) or wafers (i.e. stop production, remove wafers 
from the tool to determine source of particulate matter, 
start production with a new lot of wafers). 
[0058] An advantage of the present invention is that the present 
invention is independent of imaging level or underlying 
optical qualities since it relies only on focus parameter 
data from the photolithographic tool to perform analysis 



on. Another advantage of the present invention is that no 
additional process or measurement step is necessary to 
detect the imaging defect since analysis is performed on 
the focus parameter data that is already generated by the 
photolithographic tool during the imaging step, thus sav- 
ing cost and cycle time. Yet another advantage of the 
present invention is that all wafers that are processed 
through a photolithographic tool can be analyzed to de- 
tect for hotspots rather than only a sampling of wafers as 
is done with visual scanning or automated equipment in- 
spection techniques which may result in wafers with 
imaging defects that could escape the defect inspection 
and result in yield loss. Still another advantage of the 
present invention is that the mean time to detect the 
source of the hotspot defect can be reduced from hours 
or days to minutes. 
[0059] As a practical matter, the present invention is embodied in 
computer program code stored on a computer readable 
storage medium such as a tape, ROM, floppy disk, com- 
pact disc, and the like. The Nikon 203B tool has a display, 
a processor, RAM, and input/output devices such that the 
medium can be read and the tool controlled as by the 
program code of the invention to carry out the operations 



described above. Alternatively, the invention could be run 
on a separate computer that has control inputs to the 
processing tool in question. The invention has been em- 
bodied in a program written in the SAS computer pro- 
gramming language however those skilled in the art will 
realize that any computer programming language that can 
perform statistical calculations can be used to carry out 
the invention. 

[0060] while the invention has been described above with refer- 
ence to the preferred embodiments thereof, it is to be un- 
derstood that the spirit and scope of the invention is not 
limited thereby. Rather, various modifications may be 
made to the invention without departing from the overall 
scope of the invention as described above and as set forth 
in the several claims appended hereto. 



